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! ARSTRACT

The possible application of hyvperkolic Loran-C as a
positioninz system for hydrographic survers was investigated.
It was found that the present capabilities of the system did
not meet the 40 meter (drms) accuracy reqguired for offshore
survers, The use of differentizl Loran-C technigues and
7eodetic calivbration procedures was examined. L field test
was conducted in ‘onterer 3ay, Califorrie, usinz a nicrowave
positioning srstem to test the accureser of the vest Cozst
Loran-C chain, specifically the 9940-77 and Y rates, Overland
oropasation corrections for the test area are presented., It
was found that scrupulous epplication of the differential
teciinigue and ricorous calibration procedures improved the
22s0lute vosition accuracr of a movile Loran-C receiver +o

come*tning less than 100 neters (drms).
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I, ADVANTAGES OF THE LORAN-C SYSTELM

Present hydrographic survey procedures rely heavily
upon electronic positioning systems, typically medium-
frequency systems which require substantial shoreside instal-
lations for the antennas and ground planes. There are
attendant problems with logistics, land use permits and
vandalism., In addition, situations arise where the geometric
configuration of the medium-frequency system being used for
a particular survey leaves some portion of the area less
than adequately covered. A positioning system based on
Loran-C, or some combination of Loran~C and medium-frequency
systems, could alleviate these problems. ith its trans-
mitters already in place and continuously overating, =
Loran-C system would regquire none of the shoreside installa-
tions associated with medium-frequency stations. As discussed
later, the differential Loran-C technique does require estzab-
lishing shoresicde receivers, ovut the installation would be
much smaller and simpler than that of = medium-frequency
transmitter. Used in a combined system, Loran-C could
supplement the medium-frequency system by providing addi-
tional coverage, For example, the medium-frequency stations
could be positioned to provide the best coverage in the nezr-
shore areas of the survey while leaving the offshore arezs
to Ye covered by Loran-C, Additional scenarios can be

imagired where the application of Loran-C would be advanta-

zeous.
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Loran-C has not had widespread use as a hydrographic
positioning system because of its comparatively poorer
accuracy., The gy stem was designed to provide a repeatable
position accuracy of 0,25 nautical miles (463 meters) while
most hydrographic applications require almost an order of

magnitude better accuracy in absolute position, Recause

T -y

of improvements in equipment and data processing procedures,
the potential accuracy of the system has been improving,
Recent investigators have quoted positional accuracies in
tens rather than hundreds of meters for some applications.
This work was largely stimulated by one such situdy [@oddard, ?
19751 in which a position repeatability of & meters was
obtained (one drms). It was decided to review the present
and future potential of Loran-C in order to estimate its
usefulness as a positioning system for arydrozrepnic survevs.
4is discussed in this report, it appears that absoluzte
positional accuracies in the ranze of 40 to 100 neters
(drms) are presently achievatle in a Loran-C system if
sufficient zeodetic calibrations are obtained and differential
correction techniques employed. Given these accuracies and
caveats, such a system would be of little value in routine
hydrographic survey operations in the coastal waters of
the United States, It should te noted, however, thzt the
system accuracy is highly sensitive to any improvements in
receiver performance and the model used to account for the

effects of overland provazgation, Zoth of these aspects

£ tne Loran-C systenm are being studied extensively and it -




is likely that significant improvements will be forthcoming,

The increase in research and development work has been stimu-

lated by the Department of Transportation decision in 1974

to implement Loran-C as the radionavigation system for the

Joastal Conference Zone of the United States. 7/ith this §
! long-term cormitment to the availability of ILoran-C, new é

techniques and improved equipment designs are being pursued
. Tr both governmment and industry. The result will surely te

an improved Loran-C syvstem with wider applicability for use

as a positioning system in nydrograpnic survey operations.




IT, TIME DIFFERINCE ZCUATION

The following discussion assumes considerable familiarity
with the basic Loran-C system, General descriptions are widelr
available in government publications and texts on navigation.

A conmprehensive review may be found in the American Practi-

cal Taviecator EDME., 1975] .

In its traditional applicaticn, Loran-C is a time dif-
ference, nrypertvolic pcsitioning system., Zach observed tinme
difference, or rate, provides one hyperbolic line-of-position.
Zy ouserving the transmissions from three stations, two
hrperbolic rates azre measured and a position can e deter-
mined b either grapnical or analyitical technigues. The
graphical solution technicue is commonly used in conjunction
with nautical charts where the rates are pre-vlotted and the
user nerels locates the intersection of =is otserved rates,
The analytical solution offers better precision znd more
flexibility than the zraprnical technique., The following
discussion develops the tasic time difference equzations
wnicr are used to compute a2 zeosraphic position fron
oonserved Loran rates.

“ne time difference otserved at a receiver is the
difference in arrival times for siznzls from the nzster
and one seccondar transmitter in trhe chain., “ecauvse 211

transmitters share the same frequencies, tieir simals

must Te separzted in time to prevent interference. Zach

.




station repetitively transmits a burst of pulses followed

oy a relatively longer silent period, The chain is syn-
chronized so that the master transmits first followed bv
eacnh of the secondaries in turn. The transmission of each
secondary is delayed by a specified amount (the emission
delay) so that nowhere in the coverage area will sigmals
from one station overlap another,

Referring to Figure 1 with z receiver located at point

G
v
-

“he otserved time difference using the master M and secon-
dary 7 is,

D7 = ED,, + t., - t©

»
‘ m Iy

(1)

=1

where ZD.; is the emmission delay specified for secondary 7/,

)
i3

t., and t., are the travel times from the secondary 7 to R

)
3
[S TR 9 8

the master to R respectively.
7

m
=
s

In order to express the time difference as a function
of zeosraphic vosition, the travel time + is sevarated into
=l = e - -
2dditive terms,

t =2 D+ 7 (2)

where ¢ = free space propagation velocitr, n = index of
refraction for a standard atmosphere, D = geodesic distaence

from the transmitter to receiver, and F is the so called

—

Thase Tactor which corrects for the retarding effects of
the earth's surface along the path., Substituting this form

into the time difference equation gives a pair of equations,

Il

DDV = ZD, 4+ == (D, = D) + 7, -

]
v

hal
DY = 3D, + == (D, = 2..) + &, = F..
L (o4 14 2L ..
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O W (transmits at t= EDy)

M (transmits at t=0)

(transmits at t= EDy)
Pizure 1. Components of Time Difference lleasurement

Loran transmitters located a2t 7, 17 and 7 and Receiver
at . 2efer to text for explanation.




which relate the Loran time differences 7DV and TDY to the

distances from each of the three transmitters. Several
qomputational techniques have been used in order to solve
these equations for the geographic position of the receiver
(for example, Campbell, 1965) . lost are iterative in that
time differences are computed using an estimated position
of the receiver and then compared to the observed values,
With this information, a new position is chosen and time
differences recomputed. The process repeats until the
computed and observed TDs agree to within some specified
tolerance. Systematic errors result from inaccurate pre-

diction of the Phase Factors as discussed later,

TP PP PRI PR AP TR UL S

s=r




ITTI, DIFFERENTIAL IO2A7-C

The differential Loran-C technique is a method of improving
the temporal stability and repeatability of the system.
Fixed-monitor receivers are located in the geographic areaz

o of interest and average time differences determined. Chenging

fﬁ provagation conditions and transmitter iastavbilities are 7
detected as deviations from these average time difference
velues, These deviations are then used as differentizl
corrections for other receivers in the nearby area.

It has been also suggested that this technicue can te
used to0 determine zeosraphic corrections for an arez, 1In
concept, if the zeograpnic vosition of the monitor receiver
were novm, taen the differences vetween the computed =a2nd
otzerved rates at the monitor would constitute corrections
applicadle to other nearby receivers., Applvinz ti:ese cocrrec-
tions should allow an accurate computation of the zeozr=pii:
position of the receiver. In the context of the sutseque'.®
discussion in this paper, this is equivalent to de*erminin:
the srstematic errors or overland propagation corrections
of the Loran net at a single point in the area of interest,
2ecause the overland corrections change sismificantlr in
passing across the land-sea interface, 2 shore-based moni<or
would be of little value in determining the srstematic
errors offshore where the survey vessel is operating. The

inplication for a hydrographic positioning svstem is that .

15




the geographic position of the shore~based monitor need not
be determined nor be a criteria in the selection of monitor
sites.

The differential technigue is necessary, however, in
order to eliminate significant temporal fluctuations in the
Loran rates., Severzal tests have shown that these temporal
instabilities are well correlated over distances on the
order of 100 kilometers even across the land-sez interface.
One such test [Godderd, 1973 wused a stationary receiver
wvhich was shifted among five different sites alcnz the
shore of Delaware 2ay and one site at an offshore lighthouse

over a six week period., Two fixed monitors were used in

order to test the differential technicue over a variety of ‘i
separation distances from abvout 30 to 130 kilometers. ~Then
differential corrections were made at 100-second intervals
using 100-second average vzalues at the monitor and receiver,
the temporal instability of the receiver was significantl:
reduced. EIExpressinz the instability as the standard devia-
tion of the obvserved values, the improvement was from a
maximum of 0,07 microseconds uncorrected dowvn to something
less than 0,02 nicroseconds after correction. A similar ;
inprovement was observed on each of the separation distances
tested.
This correlation is essentisl if a shore-based monitor

is to provide useful corrections for a surver vessel operatinz

PR NTETE P evr L AR

offsrore. Veronda E1977, 0. 33] has suggested that this

correlation distance may be as great as 240 kilometers if




the monitor is located along the siznal path to the working
area, Thus in choosing the monitor site or sites, due con-
sideration nmust be given to differences in the paths fronm
transmitter-to-monitor and transmitter-to-survevy area.

For example, situations where the path to the monitor is
entirely over land while the one to the survey area is
largely seawater should be avoided, By locating the moni-
tors on peninsulas, headlands, or offshore islands, <*this
situation should rarely develop.

Iv is interestinz to note thet the Srystem .irea lionitor
(S:iI7) stations =zssociated with each Loran chain apply
differential~type corrections to the Loran rates in real-
tine. These SAY stations continuously nmonitor the sicmels
from 2ll transmitters in the crhain, If <he observed tinze
difference deviates oy more than 0.05 microseconds from its
expected value, then the zppropriate secondary is instructed
to adjust its enission delzay time in order to remove the
error [GA, 1975 . These real~-time corrections are intended
to control <tining errors between stations, but they also
pick up eny crnanges in the provagation conditions which
mar occur on paths from the transmitter to the SXI site,

In comments on the remarkable stability of the Loran rates
in Sen Francisco Harbor, Illgen [1975} roted that the opera-
tion of the SAll at Point Pinos, which is some 120 kilometers

to the south, produced a situation closely resembling differen-

tial Loran-=C,

2 S o




IV, ACCURACY CONSIDER..TIONS

The sources of error in a Loren position can be dis-
cussed in terms of those effecting the repeatability of
the system vis~a-vis those producing systematic or time
invariant position errors, This separation corresponds
to the weay in whicn the corrections are applied. “he
tenporal variations nonitored Ty the differential technigue
ere used to correct the observed rates; i.e., improve the
repeatability of the observations, The systematic errors
zre determined Ly calidbration and applied to correct the
comnputed position.

“he factors effecting reveatability are receiver errors,
transmitter timing errors, and temporal chanzes in vropzra-
tion conditions which result fron weether related paenomenz,

Srstematic errors, zs defined here, result from zeozraphic

differences in propazation conditions, such s the conductivity

znd length of the overland portion of the signal path.

2 53CIT3TRIC DILUTIOCT OF PR=CISICYT (GDOP)

The hrperbolic geometry impliecit in the time difference
equations affects *the precision of the compvted geographic
position, The effect is expressed as 2 zradient in nmeters
per microsecond wnich is termed the Geometric Dilution of

Precision, Its functional form is derived in anv of seversal
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references [itlantic Research Corp., 1962, p. 130]. The

GDOP factor expresses the comtined effect of lane expansion
and decreasing intersection angles between the hyperbolic
arcs as the distance from the baselines of the Loran chain

is increased. For the purpose of this discussion it suffices
t0 note that over the coastal waters of the United States,
the GDOP varies from about 200 to 2000 meters/microsecond.
The implication is that an accuracy of 0.1 microsecond in
each rate gives a position accuracy tetween 20 and 200 meters,
Thus the geometry of the Loran chain is sionificant in deter-
nining whether or not the system can provide survey quality
vosition data, The Defense llapping igency has prepsared
crherts for each Loran-C chain which devict the effective
coveragse zrea dependinz upon the variation in 3302 as well

as maximum siznel ranze and expected signel-to-noise condi-
tions, These are published as Loren=C Relizbili+:r Diagrams

in the RIC225000 chert series,

Z. 2ECZIVZR ZRRO0RS

Receiver errors are a function of the simmal strencth,
simal-to-noise ratio, amount of skrwave and cross-chain
interference, velocit: and/or acceleration of the receiver,
ond receiver desisn. Interference problems zre mininal
tecause of orase codirng applied to the transmitted pulses

"3

and +iminzt relationships tetween adjacent chains E;:n Purt,

o, 1, 197%2), Tre speed of typical hrdroecraphic surver




vessels is less than 20 knots and its effect can be eliminated
by appropriate sampling and filtering techniques.

Under favorable siznal-to-noise conditions, several
cormercial receivers have exhibited time difference errors
with a standard deviation of less than 0.1 microsecond [Gi,
l97f]. Tis is obtained with averaging times on the order
of a few seconds, corresponding to an average of 10 to 100
measurements depending on the repetition rate of the chain,
Zecause of Loran gzeometry, significantly better performance
is needed in order to obtain typical survey accuracies over
much of the U, 3, coastal waters. A\ performance goal of
0.05 nmicrosecond is not unreasonable, Improved receivers
cen e expected in the next few ryears, Lonzer eifective
averaging times can te achieved bty desizning processing
sciemes wnich incorporate shnip course and sveed date,
Improved performance in stationary receivers has alread:r
oeen denmonstrated; for exsmple, Goddexrd (;975] used 10C-second
averages and achlieved starndard errors on the order of 0,01
nicrosecond.

Sismal-to-noise conditions also effect performance,
Favoravle conditions are -10d4dZ or vetter., In desisning
the Loran transmitters, power outputs are chosen to provide
suitable signal strengths in the coverage area., At about
-4,3d3, most receivers Cegzin to exhibit increasing errors
until some minimum value is reached and the receiver cezases
to track the simals., Tor more information on receiver

performance wnder varyving conditions, Veronda [197'3 nes =z




e

comprehensive list of available literature., The implication
for hydrograpnic work is that signal strength and signal-to-
noise information nust be collected in order to insure data
quality. Several commercial receivers already provide these

outputs.

C. TRATSIITTER TIMING ZRRORS

Instaoility in chain timinz and symchronization is the
least significant source of error, Cesium frequency standards
at each station provide a highly accurate timing reference.

As noted in the discussion of differentizl Loran, the System
Area.ﬁonitors control chain timing to within 0,05 nicro-
second. Field measurements nave shown that the actual error
is considerably less than this control tolerance. Dzata
collected from the West Coast Lorzn chain zave a standard
deviation of 0.02 microseconds due to transmitter fluctua-
tions EIllgen, 197;3]. In any case, the differentizl Loresn

technigue readil;r corrects for anyr significent transmitter

errors,

T
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7, ILORAT=C GROUITD WAVE PROPAGATION

Loran-C is a low frequency radionavigation system which
operates in the spectral band of 90 to 110 kHz with a 100 kHz
carrier frequency. Propagation in this band has been studied
extensively over the past thirtry years in conjunction with
a variet: of navigation and communication svstems, This
discussion considers only vropasation effects on the przase
or travel time of the 100 XkHz ground wave as seen bv a seg~
level receiver located in the far field of the transmitter,
Considerations of sigmel strenzth, skwave propagation,
receiver altitude, and inductive field effects nezr th
transmitter are relativel;r unimportant for this application

of Loran=-C positioninz, .nv of the zeneral references on

-
pu;

oran=-C contain additionel informetion on vropasgation
including those aspects not specifically covered here,
Sropagating as a ground wave, the Loran-C signal is
sensitive to the geophysical properties of the earth/ztnos-
prere medium through which it is traveling., Tavle I sun-
marizes the important properties and descrives their effect
on the travel time of the sisnal relative to 2n assumed
seawater path which is trpicell;” used in Loran computations.
Those properties related *to the eartn's surface result in
errors of up to two or three microseconds relative to th
computed values [Sensus, 1976, =nd Zator, 1979]. .tmospneric

effects result in time dependent variztions of up to C.%

<y
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microsecond per dav with shorter veriod fluctuations of

0.1 microsecond per hour (Donerty and Jorler, 1978} .nnual
variations due to seasonal changes in toth the atmosphere
and underlying surface can be as larce as 0,7 microsecond
(7eronda, 1977, using information from several sources),

3:r careful use of the_differential Loren technioue, these
temporal variations can be reduced *o something less then

2.C02 microsecond.

Using the classical 7Tan der Pol-Zremmer ground wave
theor, it is possivle %o develop = comdyuter program to
calculzte the actuzl travel tine of a signal over complex
land-sea paths with widelr varvinzg reopnsical proverties
Conler, 19653. The me*hod seems ©T0 te toc cumctersone
for routine use in the hydrosraphic surver zapvlication,
Instead, it is realistic to approximate the travel time <
as,

t=%3+¢+€ (3)
were the terms are the same as civen in eguation (2) except

-

that the phrase factor ¥ has teen split into two terms, Iz

. AR A M e 12 A S A 1= 4 AR (A & e T8 A S . e em e e s s e e

v . n . - o
<his form, the term = D is called the Frimzr: Trzvel Tinme

3

with n=1,000333 for tie standard aimosprerz and 2=289,7942

me*ters/microsecond. The secondary Phase

24
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the delay of a siznel propazating over a smooth sezwater

vpath relative to the primary travel time, "ational Sureau

of Ztandards Circular 573 E&o ler, 19551 describes the con-
putation of yb for varving distances. The Additional
Secorndary TFactor € represents the additional delay accumu-
lated on non-seawater portions of the path; i.,e,, it descrites
the lag oI the actual siznal relative to an egquivalent dis-
terce over seawater, The generzl time difference equation

2D+ & (35 = D) +¢@"#I (4)

(o)

Tecones,

D+ (E,--€2)
i O

The advantege of this form is that the so called overland
correction, €.--€ -, is reduced to a relatively smell term
in the 7D equation., Typicel values are on the order of
several microseconds or less while trhe *otal <ime difference
is on the order of 104 microseconds. Zizure 2 shows the
theoretical form of the idditional Secondary Factor for three
roothetical vatis with differinsg lenzths of land patz [5ait,
19657. T2e land path lengths showm were chosen tecause thev
aporoxinate the situation in lontererr Zay, Celiforniz, where
te field experinment descrived later in this revert was con-
ducted, The abrupt drop in the € values upon crossing the

coastline is the phase recoverr effect which occurs at any

conductivitr discontinuity in the underlring surface.
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2. OVIRLAID PROPAGATIOY CORRZCTION

In order to use the time difference equations to compute
a position, it only remains to emviricallr measure the over-
land corrections for each rate. Terms on the right-hand-side
of equation (4) are either constants or computed quantities
depending on path distance. 3y suttracting observed and
computed TDs at a known position, the overland corrections
can ve empirically determined for that position. The problem
in calioration is to extrapolate these corrections to the
surrounding area,.

To complicate the problem, the spatial pattern of the
overland correction is one of 2ills and vallevs representinc
the subiraction of two independently varving € fields.
Severzl czlitration procedures nave been develoved which
use ovserved D vzlues, btut none have produced surve: qualiz
corrections, The most promising meviiod (?oherty, 1975 con-
tines measuremen<s and some paysical constraints of zround
wave propagation theory., Usinz 75 land hased measurements
in an areaza of 100 kilometers square, it achieved 2 2,.1,3,
vosition error of atout 30 neters which is simmificantl:r
worse then that needed for hydroeraph;y., Althoush the metiod
requires a congideratle desree of computational finesse,
such nethods degerve Turtier stud:r with offshore date sets
to trmlr test their applicatility <o routine surve: operaz-

tions. It appears that for the time Tteins =2t le=si, there

is no method of reliably predictin~ overlazxd correc=ions
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from relatively few calibration measurements, The hrdro-
zrapher is faced with the task of mapping the corrections
over much of the area and then interoretinge the patterm
in order to extrapolate the corrections to the remainder
of the survey area, Tne procedure is not unlike that
presently emplored with medium frequency positioninz sys-
tens, “Vhile the hydrosrapyhic community hes considerable
experience with medium frequency systems, there has Teen
.;~ little work with lonz taseline Loran chains in order to
document the spatial variability of the corrections in
offshore areas,
In one study off the west coast of Vancouver Island,
[iaton l97§]observed a variztion of 0.1 microsecond/kilometer
at abtout 25 kilometers offshore as the ship passed into the
shadow of the island. Thais probadly revresents 2 worst-case
situation. s discussed later in this revort, measurements
in Tonterer 22y suzgested variations of less than 0,02
nicrosecond/kxilometer, once free of the phase recoverr
effects near the coast., Additionzl work with fine srid
Loran prediction models and field measurements is needed in |

order to explore the spatial variability of the overland

corrections in offshore areas,.
Table IT summarizes the ovreceedinz discussions on ;

sources of time difference errors and *the effectiveness of

the various *technicues to correct for them, The reader is ;
cautioned tiat these a2re estimated errors derived from nan:
different sources. There nhave teen few field tests in off-

sore areas with sufficient accuracv to validate some of *tiese

errors., 28
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In order to test the use of differential Loran-C and
potential calibration procedures in a tvpical survey opera-
tion, a series of tracklines were run in the southern por-
tion of lonterey Bay, California. As shown in Figure 3,
the lines extended from 20 kilometers offshore to within
a2 few nhundred meters of the beach in places, Tositiom
data was recorded simultaneously from two systems; an on-
board Loran-C receiver and a range/range microwave svstem
which was set-up over geodetic control points, The track-
lines were run on two separate days, 12 Jurne and 25 Julr 1979,
during daylicht hours. The vessel used was the R/7 A0ATIM
wihich is operated by the Tavel Postroraduste School., The
positioning equipment consisted of a licrolozic IIL-1000
Loran~-C receiver, which ras a 0,01 microsecond resolution,
and 2 otorola lini Renger TII 'icrowave System; both of
wnich were vrovided b the school,

Position data from toth srstems were manuallr loc~ed
at two minute intervals while the srip maintained constant
course z2nd speed, Traveling at speeds of nine to ten knots,
this resulted in positions at rourhlv 0,5 kilometer intervals
alon~ each trackline.

Loran coverace in this area consists of <he 9940-, I

and 7 rates of the “Jest Coast crhein, Timure 4. Cnl: the
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T and Y rates were recorded even though the ¥ and Y pair

-

provided vetter precision in this area. The -rate was
selected because of the close pvroximity of the System Areza
Ilonitor a2t Point Piros which controls bothr the X and ¥
secondaries (see Figure 3). This control removes virtually
2ll temporal variation in the X and 7 rates over lMonterey
Bay meking it impossible to test the differential technigue.
It was noped that the 7 rate, which is controlled T7r a
monitor on the Oregon coast, would show some significant
variations. Records of the time differences of 211 three
rates from the Point Pinos monitor were examined. Ione
showed anr variations over 0.04 microsecond during the tests,
with t;pical fluctuations of less than 0.01 nicrosecond,

Tis hich degree of temporal stability resulted in neglicgidle
differential corrections, In order to test the potential for
celitrating the Loran-C system over a limited area, tze vosi-
tions derived from tiie microwave svstem nmeasurements were
used to compute expected tine differences at each point,

T~e difference vetween these computed values and the observed
tine differences constituted a2 set of estimates of the over-

land corrections,

A, ITICROVATEZ SYSTII POSITIONIING

e microwave svstem was used to fix the geoeraphic posi-

tion of the ship by standard range/range computational tech-

nigues, The two ranging stations were set on known zeographic




positions listed in Table III., Ship positions were computed

on a ilodified Transverse Mercator Grid which was centered

in the surveyry area |7allace, 197£]. In this wav the errors
in computed latitude and longitude due to grid distortions
were minimized, Obviously bad positions which resulted

from infrequent ranging errors in the microwave svstem were
rejected. The nicrowave system had been calibrated over
knhovm baselines of 4683 and 17621 neters, 7/ith a rancing
accuracy of I 3 meters as claimed oy the manufacturer, the
ship positions have a 2,1.,3. position error of less than 10
meters over the area, wnich was adequate to test the accuracy

of the Loran derived positions,

2., IORAT-C POSITION COMPUTATIOIS

Time differences for each of the positions were conputed
assuning seawater path propagation using a2 fortran routine
adapted from one supplied by the Mational Ccean Surver

Riordan, 197§]. The computed and otserved time differences
were compared and five positions were rejected tecause of
obvious busts in the recorded Loran values, This left 130
positions for the subsequent analysis, The Loran system pare=-
meters used in the computations are listed in Tatle III. 1In
order to be consistent with the l'ational Ccean Survery chartis
of the a2rea and the microwave srstem positions, all conputa-
tions were done relative to orth American Datum 1927 zeogra-

-phic positions.
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TABLE TII - Geographic Positions and Constants TUsed
in Position Computations

liicrowave System
Stations

Mulligan (1932)

Mussel R.UI. 2
(1932)

Jlonterery Zar
4 C=D (1972)

TLoran-C 9940 Chain

Geographic Position
(MAD 19272

36
121

36
121

36
121

Data

Station

‘aster
Tellon, 7TV
Secondary i
Georse, VA

Secondar 7
Searchlicht, 7V

Geographic Position

44 56,717
47 52,416

37 17.540

N

nr
"

54 11,857

37 31,128
50 31.728

(71D 1927)

39
113

47
119

35
114

33 07.03 :

T

49 52,23

0% 48.32 T
44 34,73 3

19 18.32

43 13,95

Rénarks

Used on
12 June

“sed on

Used on

both
and 25 July

12 June

25 Jul:-r

Smission Tela
(nicroseconds)

11,000,00 + 2725,90

40,000,00 + 1847,27

Ao P A= s A A Y .~ +




C, ATALYSIS OF THZ LORAT DATA

Receiver error and velocity effects were apparent in
the data. Ship motion and the five second zveragine time
of the receiver resulted in observed T3s whi:h were severzal
seconds old in comparison to the microwave s rstem measure-
ments; i.e., the Loran readings represented tre position of
the ship several seconds Defore the microwave svstem fix
wes deternirned., In order to partially conpensste for this
effect, the observed TDs were advanced & distance egnuivalent
to that traveled @y the ship in 2,5 seconds. Tependinz upon
he course and speed of the ship, the correction ranged
netween £ 0,07 microsecond for tze 7 rate and % 0.03% micro-
second for 7. In future work, a computer vased datz loz-wing
svstem could perform tiiis correction in real-time axnd ottain
Tetler results.

In order to studyr the spatial variation of the overlaxn

correction, the differences tetween comvputed and otserved

TDs were calculated at each point., Defining these differences
as ¥V and Z7 for the TDY and 7DV rates, respeciively, it is
apparent that,

oY = eM' €y + receiver error
and similarly for =V/. Thus these = values at each point con-
tain the information on the overland correction, but it is
masked b receiver errors. For reference, a listinz of

Teosraphic position, the ohserved TDs and respective I vzlues

nes Teern appended to tiis revort.




Tests with the ship stopped zave s fandom receiver
error of 0,05 and 0,07 microseconds (one standard deviation)
on the ¥ and /7 rates, respectively, which was reasonzble
ziven the manufacturer's claim of 0.1 microsecond, In
order to reduce the effect of receiver error, the computed
2 values were spatiallyr averaged over a circular area of
1300 meter radius around each position, Assuming that
receiver errors were randomly distrituted, the increased
nurlter of estinaves tended to drinz out the spatizl patterm
of the overland corrections., Tre choice of & 1300 meter
averaging radius was somewhat arvitrary, Given the 500 to
800 meter spacing of positions, this choice brought anr-
wrere from 3 to 10 adjacent positions into the averaging
process. 1t otviousl;” suppresses variaztions with a sczle
of less than 3 kilometers, dut monotonic trends in th

vattern were preserved.

D, 2ZSULTS

Fizures 5 and 6, which depict the overland corrections
for the test area, were derived from the spatially averazed
values, The contours indicated a rapid change in the cor-
rectors in the nearshore area due to phase recovery of the
sisnals after passing over the coast. At 12 kilometers
offshore the variation had dropped to something less than

0.02 microsecond/kxilometer. Using the 48 data points (not !
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cveraged) which were 10 kilometers or more offshore, the

following overland corrections were determined:

Averace Standard
Loran Correction Deviation
Rate (microseconds) (microseconds)
v -0.50 0.07
i -1.16 0.08

"he computed standard deviations were tyopical of those
expected from a receiver with z stendard error on
order of 0.1 nicrosecond or less. Apovlyinz these averzze
corrections uriformlr to the offshore vositiorns zave a

R.7.3, distance error of 66 neters in the derived Loran

ilelse

vpositions., If similar results nad bveen obtained witz *the
I and 7 rates, which have tetter ceometric precision iz
the test area, the R,M,S3, distance error would nzve Teen

reduced to about 42 neters.

40




VII, COICLUSICT3

The Mational Ocean Surveyv has required that any electronic
positioning syvstem exhibit a 2.1M.S5., distance error of less
than 0,5 millimeter at the scale of the surver, Tae
smallest scale routinely used for cozastal survevs is 1:30,000
implring an a2llowable error of 40 neters, On this basis,
it was concluded thet a positioninz systen taszed on Loran-"
in the hypertolic mode is unsuitatle for routine »;drograpric
use; given the R,11.5,., distance error of &6 meters obtained
in the field test. Tre 42 nmeter accuracr (drms) guoted in
tie results assumed an atypical iprovement in Loran seometrtr

wviaicn invalidated its use as a test of the routine Zydrogra-

phic survey situation.

ct

It should te noted, nowever, that these errors were
largely due to random receiver errors wnich were estimated
to be on the order of 0,07 nicrosecond., nr improvenent in
receiver design or data sampling nrocedures whicrn would
trinc this random error down to something less than 0.05
nicrosecond could meke a Loran-C positioning srstem for
~rdrography feasibdle.

The second larcest source of error wes found *to e *the
unresolved spatial variations in the overland propa-ction

correction. Turther work is needed to determine whether or

not these errors could te reduced to somethin~s less thaon




C.05 microsecond in offshore a2rezs awsr from the coastline

5

indvuced perturbations., The approach =2dovted in this studv
was to determine the overland corrections empiricallr from
mezsurenents, Cther approaches are possidle, such as
Tonerty [1972], vitich comtine measurenents with phrsical
constraints of the ground wave propazation theory. Tests
of such metihods with offshore data bases viould be extremely
enlichtening,

Temporal instarilits of the ILoran rates was found to e
an insimmificent source of error, The investizetions cited
in <his report have indicated that these errors can te
reduced to sometaing less then 0,02 microsecond By proper
apolication of differential Loran tecinigues.,

ilities

N

has teen shown tilat the present capa

[@)
(6]

“hile it
of a Loran=C positioninz system fall short of *those needed

for hrdrographic survevs, thet zoal seems tantelizingly

close,
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